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Abstract: This paper analyses the clear zone design parameters, including driver reaction time, conditions of 
vehicle leaving roadway and driving distance in clear zone. Meanwhile, in classical physics, the process that the 
vehicle runs off roadway can be seen as a combination of uniform motion in a straight line and rectilinear motion 
of uniform deceleration. Then, based on the forgiving design concept, the paper sets up a calculation model for 
the roadside clear zone. It calculates width range of roadside clear zone. According to the calculated results and 
the actual instance of roadside, it brings forward the recommended width of roadside clear zone. Compared with 
RISER (Roadside Infrastructure for Safer European Roads), the paper considers driver reaction time, so the 
calculation of clear zone width is larger and safer. However, the computed results are reasonable and acceptable 
because they are essentially consistent with the suggested clear zone distance in AASHTO
Guide (American Association of State Highway and Transportation Officials). Therefore, the research results of 
the paper could be a supplementary guidance or reference for road designer and administrator. 
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1. Roadside Design Concept and Methodology 
The roadside is generally defined as the area that starts from the edge line of the carriageway to the 
red line of roadside border area. The design for this area is called roadside safety design, which refers 
to design for space outside the driving lane. It is available for safe use by errant vehicles and makes 
them return to the roadway, or find a relatively safe parking place. Its design concept generally divided 
into three levels: 
Keep vehicle travel on the carriageway. 
Provide space for run-out vehicles return on the road. 
Avoid run-out vehicles colliding with roadside hazards. 
Try to reduce seriousness of collision between vehicle and roadside hazards.  
The core of roadside safety design is embodying tolerance design concept in roadside design 
process. This area may consist of a shoulder, a recoverable slope, a non-recoverable slope, and/or a 
clear run-out area. The tolerance design concept not only allows drivers make mistakes, but also 
requires the designer to provide the design countermeasures that can reduce probability and severity of 
accidents. It means that whatever the reason that vehicle run off the road, designer should provide 
enough roadside cle  lives should not be 
sacrificed and paid for their mistakes. Roadside clear zone design reflects the core of roadside 
tolerance design concept. 
2. Roadside Clear Zone  
The roadside clear zone refers to the outside area starting at the edge line of the carriageway. This 
area is free of fixed and hard objects that may lead to dangerous collision and relatively flat. It 
provides an area for drivers to control or stop their vehicles and usually can safely return on the road if 
they have had an unplanned departure from the carriageway. It may consist of a shoulder, a 
recoverable slope, a non-recoverable slope, and/or a clear run-out area (RISER) (see Figure 1).  
 
Figure 1 Roadside Clear Zone (RISER) 
Roadside clear zone was first studied in the United States. In 1967, AASHTO issued the report 
. It indicates that on highway a 
safety zone no less than 9m from the edge of the carriageway allows about 80 % of vehicles leaving 
the roadway out of control to recover. The AASHTO Roadside Design Guide (2002) and s 
department of transportation road design manual (2004) both discuss clear zone widths as related to 
speed, volume, and embankment slope and give the suggested dimension of clear zone. As 
run-off-the-road vehicles may travel a farther distance from the traveled way before regaining control 
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of the vehicle on the outside of horizontal curves, it needs to modify the clear zone distance by 
amendatory coefficient. Besides America, other countries make similar researches for roadside safety. 
Fox J.C. (1979), et al suggest that a clear zone of at least 2 m and preferably 3 m back from the curb 
edge will significantly reduce the consequences of vehicles running off the carriageway. Ogden (1996) 
from UK had done the research about the relationship between the width of the safety zone and the 
reduction of related accident types, the results showed in the Table 1. 
Table 1 Relationship between Size of Clear Zone and The Accident Reduction (Ogden, 1996) 
Amount of increased roadside 
recovery distance in meters 
Reduction in related accident types(percent) 
Straight Curve 
1.5 13 9 
2.4 21 14 
3.0 25 17 
3.6 29 19 
5.0 35 23 
6.0 44 29 
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Roadside geometrics also have a great influence on the frequency of serious injury and fatal crashes. 
Zegeer and Couneil s (1992) research indicates that the accident rate decreases stably with roadside 
slope reducing from 1:3 to 1:7 or more flatter. However, it almost has no effect on the accident rate 
when roadside slope reduces from 1:2 to 1:3. As a result, the slope of 1:5 or flatter is one of the most 
effective measures to ensure roadside safety. Gao Hailong and Li Changcheng (2008) also make 
detailed researches and classifies for roadside slope in Roadside Safety Design Guide.  
3. Calculation Theory for Determining a Safety Zone Width 
To keep roadside safety it needs to be achieved by the following two requirements in roadside 
clear zone design  
The vehicle should not contact any hazard object that will lead to a collision with serious 
consequences.  
If the vehicle is unable to avoid leaving the road and crossing the entire safety zone, the clear zone 
should be wide enough so that the vehicle can slow down and reduce the consequences of any 
resulting impact beyond the safety zone.  
With the above two levels for the target, the paper sets up a calculation model for the roadside clear 
ation. 
In classical physics, the process that the vehicle runs off roadway can be seen as a combination of 
uniform motion in a straight line and rectilinear motion of uniform deceleration. If the factors that 
have influence on vehicle running performance in roadside clear zone are identified, such as the 
deceleration of vehicle, exit speed and angles, it can easily calculate reasonable safety zone width.  
3.1 Determining Roadside Clear Zone Design Parameters 
Roadside clear zone width is mainly decided by th
runs off road in what condition (for example, exit speed and angles) and driving environment. 
Discussion of these factors and related design standard is the necessary condition to determine safe 
zone width. Therefore, in order to determine the appreciate safety zone width, the paper will discuss 
the problem from brake reaction time and distance, vehicle protection limits speed, acceleration, 
vehicle exit angle and speed and so on.  
3.1.1 Brake reaction time  
Brake reaction time is the interval between obstacle appearance and driver response and taking 
action time. The distance vehicle travels during the brake reaction time is called brake reaction 
distance. Brake reaction time is often a critical factor in establishing accident causation. Jiang Guiyan 
(2007) makes blow assumption in the laboratory for brake reaction time. 
Confirming danger (perception-reaction time) is 0.4s. 
Foot moving from accelerator pedal to brake pedal is about 0.2s. 
Foot contacting with brake pedal and pressing on the brake pedal is about 0.1s. 
Therefore, the total time is about 0.7s. 
Johansson (1971) 
flow. The reaction time measured in the text is the same Figure and figure 
present brake reaction time and its cumulative percent respectively. The figure indicates that the most 
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Figure 2 Distribution of Brake Reaction Time Johansson,1971)
Figure 3 Cumulative Percent of Brake Reaction Time
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3.1.2 Vehicle Protection Limits speed 
When vehicle runs off the road, it firstly travels at the initial speed v0 until the brake system 
functioning completely. Then, it begins to decelerate linearly. When the vehicle gets through roadside, 
its speed decelerates to v1. If v1 is relatively large, it may lead to serious consequence when vehicle 
gets collided with hazards. However, if v1 equals to zero, the brake distance of vehicle will be too long 
and greatly improve the requirements for clear zone width, which is not incompatible with real 
situation. For this reason, the paper should take both driver safety and clear zone width into 
consideration and find a reasonable v1 that can not only reduce accident severity (to acceptable range), 
but also meet the requirements for saving land resources. Human survival in a crash depends on how 
well the crash energies are absorbed by the vehicle. The human body cannot survive impacts above 40 
km/h without a cushion and will be life-threatening. Therefore, 40 km/h is considered as the threshold 
of fatal accidents. Synthesizes the above factors, the paper selects 40 km/h as the vehicle's protection 
limit speed. 
3.1.3 Vehicle Deceleration 
The main factor that affects braking effect and braking distance is the friction coefficient between 
tire and road surface. In classical physics, coefficient of friction and deceleration are usually 
celeration a can be calculated by the follow equation: 
 
a = Deceleration [m/s²] 
 
g = Gravity [9.81 m/s²] 
The value of  is mainly related to road type and weather conditions. Table 2 lists the coefficient of 
friction under common road type and weather conditions. 
Table 2 Coefficient of Friction under Common Road Type and Weather Conditions 
Road 
Dry asphalt and 
concrete 
pavement 
Dry gravel road 
Wet asphalt and 
concrete 
pavement 




0.8 0.95 0.6 0.7 0.4 0.5 0.3 0.4 
For setting roadside clear zone, slope angle should be as small as possible. However, there are no 
related data showing how much value the slope should take 
run-out vehicles. Consequently, considering roadside safety and convenient calculation, the paper 
chooses the most ideal situation, that is the flat slope. Generally, most side slopes and ditches have 
surfaces of gravel and topsoil and their coefficient of friction is 0.3, which is close to the most adverse 
conditions (road with snow and ice). If the gravity acceleration g takes 9.81 m/s2, the deceleration 
equals to 2.943 m/s2. In reality, once the driver found vehicle run off the road, deceleration of vehicles 
would be substantially more than 2.943 m/s2 and even up to 10 m/s2. In consequence, this brake 
deceleration is safe for drivers. 
3.1.4 Vehicle Exit Angle 
The speed and angle under which a vehicle leaves the road is dependent on many factors. If we 
only focus on the physical pa
or steer suddenly. So its speed keeps decreasing and exit angle keeps the same when it leaves the road. 
The exit angle depends on coefficient of friction between road and tire, travel speed, lateral position of 
the vehicle to the carriageway, and road geometrical properties (vertical and horizontal alignment). It 
is important to recognize the relationship between exit speed and exit angle. If the behaviour of a 
vehicle is determined by its steering system, the relationship between exit speed and exit angle shows 
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as the Figure 4. However, in fact once drivers realize that vehicles are leaving roadway, they will 
immediately play steering wheel and make vehicles back to the roadway as soon as possible. 
Therefore, the theoretical and practical exit angel has a certain gap, seeing in Figure 5
theoretical and practical exit angel respectively). Figure 6 shows the reverse relationship between 
Compared Figure and Figure, we can find that the practical exit angle is about half of the theoretical 
exit angle with the same speed. 
 
Figure 4 Relationship between Exit Speed and Exit Angle (theoretical) RISER  
 
Figure 5 Definition of Vehicle Exit Angles 
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Figure 6 Relationship between Exit Angle and Exit Speed (Reconstructed) RISER
3.1.5 Vehicle Exit Speed and Selection of Vehicle Model
Road level and type determine the road design speed and width of carriageway, so it is closely
related to vehicle exit speed. The speed that a vehicle leaves the road is actually the instantaneous
velocity of the vehicle. Compared to the road design speed, it is rather hard to measure. But, the exit
of the crashes is below 120 km/h and 80 % are below 110 km/h. Chinese highway design speed in
plain area is 120km/h, however, the actual travel speed is generally below this value. Figure 7 
shows the average speed of several important highways in China. From the figure 7, we can conclude
that travel speed of 90% of vehicles is below 100km/h. But, it is need to notice that this figure
considers all types of vehicles, ranging from car to heavy trunk. In reality, the average speed of cars
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Figure 7 Cumulative Percent of Highway Average Speed 
Selection of vehicle model should consider highway vehicles distribution and proportion of 
accidents. According to the statistic and analysis of accident data, car dominates on the highway and 
covers 65%. In future, with sustained economic development and car privatization, the percent of cars 
will continue increasing. 
highest, which means that car need wider clear zone to decelerate than other vehicles at the same 
condition. Therefore, the paper chooses car as the representative model after considering the above 
factors integrated. 
3.2 Calculation of Roadside Clear Zone Width  
Using the information presented previously, the width of the safety zone can be defined as the width 
necessary to stop a vehicle to avoid serious impact. In order to calculate the width of clear zone, we 
need to make some basic assumptions as below: 
1. Coefficient of friction is 0.3 (grass). 
2. The trajectory of vehicle leaving the road is straight. 
3. Vehicle protection limit speed is40km/h  
4. Side slope is flat (ideal conditions).  








                                             1           
According to the triangle relationship between brake distance s and exit speed ,          
 VLQVZ                                                  2           
Where, s  brake distance m  
v0  initial speed m/s  
v1  vehicle protection limit speed,40km/h=11.11 m/s  
t0  brake reaction time 0.7~1.5s 
 coefficient of friction 
g  gravity, 9.81m/s2 
 exit angle °  
Combine equation 1 and equation 2 and compute clear zone dimensions, the calculation results are 
presented in Table 3-3. 
Table 3 Theoretical Clear Zone Widths 
Exit angle Slope  a Exit Speed from Carriageway (km/h) 
deg    m/s2  50 60 70 80 
4 0 0.3 2.943 1.5~2.5 2.5~3.5 4.0~5.0 5.5~6.5 
5 0 0.3 2.943 2.0~3.0 3.5~4.5 5.0~6.5 7.0~8.5 
6 0 0.3 2.943 2.0~3.5 4.0~5.5 6.0~7.5 8.0~10.0 
7 0 0.3 2.943 2.5~4.0 4.5~6.0 7.0~9.0 9.5~11.5 
8 0 0.3 2.943 3.0~4.5 5.5~7.0 8.0~10.0 11.0~13.5 
9 0 0.3 2.943 3.5~5.5 6.0~8.0 9.0~11.5 12.5~15.0 
10 0 0.3 2.943 3.5~5.5 6.5~9.0 10.0~12.5 13.5~16.5 
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15 0 0.3 2.943 5.5~8.5 10.0~13.5 14.5~18.5 20.5~25.0 
20 0 0.3 2.943 7.5~11.0 13.0~17.5 19.5~25.0 27.0~33.0 
Exit angle Slope  a Exit Speed from Carriageway (km/h) 
deg    m/s2  90 100 110 120 
4 0 0.3 2.943 7.0~8.5 9.0~10.5 11.0~13.0 13.5~15.0 
5 0 0.3 2.943 9.0~10.5 11.5~13.0 14.0~16.0 16.5~19.0 
6 0 0.3 2.943 10.5~13.0 13.5~16.0 16.5~19.0 20.0~23.0 
7 0 0.3 2.943 12.5~15.0 16.0~18.5 19.5~22.5 23.5~26.5 
8 0 0.3 2.943 14.5~17.0 18.0~21.0 22.0~25.5 26.5~30.5 
9 0 0.3 2.943 16.0~19.5 20.5~24.0 25.0~29.0 30.0~34.0 
10 0 0.3 2.943 18.0~21.5 22.5~26.5 27.5~31.5 33.0~38.0 
15 0 0.3 2.943 26.5~31.5 33.5~39.5 41.0~47.5 49.5~56.5 
20 0 0.3 2.943 35.0~42.0 44.5~52.0 54.5~62.5 65.5~74.5 
There is certain inverse relationship between exit speed and exit angle. Figure 6 shows that the exit 
angle is 5° and 10° for exit speed of 100km/h and 50km/h. Combines calculation results of Table 3-3, 
the clear zone dimensions are 3.5~5.5m and 11.5~13.0m for exit speed of 50km/h and 100km/h. As 
the paper makes some basic assumption for simplifying calculation and selects the worst situation, the 
theory produces larger clear zone dimensions than in common practice and its upper limit is maximum 
clear zone width. This is a practical problem for the road operator must be considered. Since the basic 
brake reaction time is 0.7s, the clear zone dimensions should meet the minimum suggested value. 
The United States had done plenty of researches on roadside safety. The recommended dimensions 
of clear zone are presented in Roadside Design Guide based on design speed, design AADT and side 
slope. Compared with recommended dimensions in Roadside Design Guide, we can find that the 
calculated dimensions in the paper are essentially consistent with the situation that the degree of fill 
slope is 1:6 or flatter and design AADT is 6000 pcu/d. Britain, France and Germany in conjunction 
and deeply. Through collecting and analyzing roadside safety related data, it establishes a calculation 
model of roadside clear zone and gives the theoretical safety zone widths. As based on forgiving 
concept, the paper take more parameters into account, for instance, brake reaction time, therefore, the 
recommended size of clear zone in this paper is larger than that in  and the paper mainly 
focus on the range of clear zone.  
4. Recommended dimensions of clear zone for our country 
As mentioned above, it is not appropriate to take the speed of 120km/h as a standard for 
determining clear zone width. According to exit speed analysis in, it can meet requirements of 
different vehicles by taking car as vehicle model. At present, the highway design speed in our country 
is divided into three kinds: 120km/h, 100km/h and 80km/h. On the basis of different design speed, the 
paper takes the corresponding average speed as the exit speed and gets the recommended dimensions 
of clear zone for our country (seeing Table 4). 
Table 4 Recommend dimensions of clear zone for our country 
Road Grade Highway 
Design Speed km/h  120 100 80 
Travel Speed km/h  110 90 70 
Recommend dimensions of 
clear zone (m) 
13.5~15.5 9~11 5~6.5 
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As indicated in Table, the recommend dimensions of clear zone is 13.5~15.5 for highway with 
design speed of 120km/h. It is difficult to achieve in our country except some desert region. But for 
design speed of 100km/h and 80 km/h, the recommend dimensions of clear zone can be realized in 
some areas, especially for design speed of 80km/h, it can meet the requirement of clear zone width by 
providing 2.5~3m slow slope as the shoulder is 3.5m. 
5. Conclusion 
Roadside clear zone width is affected by many factors. Based on forgiving design concept and 
classical physical theory, the paper establishes a calculation model of roadside clear zone and 
computes the range dimensions of clear zone by considering comprehensive factors. Then, combining 
with actual roadside situation of our country, it provides the standard of clear zone width. However, as 
the limitation of research level, time and related data, the related research achievements have some 
defects. It still needs continuously data collection and accumulation so as to improve and enrich the 
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